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Abstract: Mobile robots are robots that can move on thein.oRobots move in their environment, not fixed treal
location.With the flexibility of the navigation wheel comigid with the dynamic system, the wheeled mobile triso
suitable for flexible movement on flat terrain, ngsitank-like tracks will be suitable for moving difficult, complex,
bumpy terrainThe article introduces a process of developinggdésy a mobile robot combining a 4-degree-of-fraad
arm with a mobile chassis. Kinematics, dynamiagngjth of structure testing and simulation arealtulated in detail.
Finally, a prototype was built and tested to prihwecorrectness of the proceEke project has calculated the kinematics
and dynamics of the model, thereby building trajees, designing controllers for the vehicle andhipalator, thereby
simulating problems on Matlab-Simulink. Designirig GAD models, building hardware, and testing CAEatbility on
Abaqus software. The results are visually testeddftyvare, with high feasibility, is the premise foanufacturing.

1 Introduction 2 Methodology
Industrial robots are robots designed to work i2.1 Kinetic of wheal mobile
industrial production environments. Robots havenlmel Figure 1 shows the basic structure of a mobile tobo

are an indispensable part of production. Robot$ hetonsisting of two main parts: a mobile vehicle caretd
increase productivity, save space, reduce labotscoswith a 4-degree-of-freedom robot arm. Mobile robot
improve quality and labor safety [1-6]. kinematics is the most basic problem of how a relgstem

Mobile robots are robots that can move on their.owRyorks.
Robots move in their environment, not fixed to alre
location [7-9]. Mobile robots are different fromdinstrial
robots that are usually placed near fixed and dpevith
arms, mobile robots are capable of performing tasks
many different locations instead of being fixeaire place
like other types of robots. With the flexibility dhe
navigation wheel combined with the dynamic systta,
wheeled mobile robot is suitable for flexible mowhon
flat terrain, using tank-like tracks will be suitabfor
moving on difficult, complex, bumpy terrain.

Currently, the world has been developing mobile arm
robot lines to perform many different tasks sucHlesible
navigation and automatic movement of the robothi t
required place accurately and safely or automatic
navigation of parts. The most common type of raioot
that performs the function of picking and placirgects in Figurel Mobile robot CAD modelling
industrial production[10-14]. This robot arm wilicig up
objects from one position and drop them at another The kinematic equations will give the relationships
position. The farther the distance between these twetween the control parameters and build the ®istate

positions, the larger the requirement for the aige,s in space, the way the robot moves without considettie
leading to high manufacturing costs. Therefore,liomg  impact force (1).

a mobile cart with a pick and place robot arm isdeal
combination, increasing the working space of thieoto SN G /N N i) @
arm. 2 L

The article introduces a process of developing, )
designing and manufacturing a mobile robot comigirin N Which:
4-degree-of-freedom arm with a mobile chassis. Vi~ Velocity of the left wheel,

Kinematics, dynamics, strength of structure testimgl v, — velocity of the right wheel,
simulation are all calculated in detail. Finallyp@totype L — distance between the 2 wheels,
was built and tested to prove the correctnesseoptbcess. R —Wheel radius.
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From there the instantaneous radius of curvatutheof

trajectory is calculated by the equation (2): Time motion on a half of circle (3), (4):
t= s _ n.R _ 0.225. =9 43s (3)
L.(ve+v)) T v (wetw)/2 (01+40.05)/2
R=—— 2)
2.(ve—vy)
Time on straight ling = 2 ___10s 4

(vrtv)/2

2.2 Mobiletrajectory simulation
The motion trajectory is described as in Figure 2,
including 2 straight motions and 1 curved motion.

> R=0.25m

Figure 2 Mobile robot trajectory

Conduct orbital movement model creation and
simulation, the results obtained are as described i
Figure 3, the results are consistent with the dafimn.
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Figure 3 Velocity simulation

After calculating the velocity problems, the robot'| = figue1 - o x
motion trajectory is calculated as shown in Figlr@he | Ffie et view inset Tools Desktop Window Help s
motion trajectories in the X, Y and angle direct@me all Dcds 2 0E 5 E
calculated, with the aim of providing the robot'sriing Actual and Estimated Trajectories
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Figure 4 Investigating robot trajectory through simulation
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2.3 Robot arm modelling j;««i o - B %
Figure 5 shows the 4-degree-of-freedom robot arrje- seoe® - «-w@- 5z- 1

mounted on the chassis. The arm's kinematics, diggam
and workspace are shown in Figure 6, Figure 7,rEigu
and Figure 9. The reversible, velocity and positior s

problems are all considered in detail.

=
o

S|

Figure 5 Robot arm CAD model
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Figure 6 DH parameter values
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Figure 7 The vel octity val ue diagram process
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Figure 8 The acce eration value diagram process
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Figure 9 Robot trajectory in the workspace

The robot arm model is 75 cm high, 30 cm long and 2
cm wide, with a total mass of 3 kg. The robot igatzle of
picking up objects weighing 200 g.

2.4  Strength of structure testing

Strength testing is a necessary step to ensusystem
works stably before it can be manufactured, thisns
important step in any design of any machine.

Figure 10 shows that the shear stress on the wheel
motor is mainly concentrated at the end of the matal
the end of the wheel joint attached to the motbe $tress
is in the range from 400Pa to 700Pa. As for then&athe
shear stress is mainly concentrated at the lower laf the
frame and the end of the lower connecting rod ligesiied
to the highest pressure in the range of 700 to Fz00
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Figure 10 Tensile stress simulation on wheel and frame

Figure 11 shows that the normal stress on the whdehme, it is mainly concentrated on the bottomaefand
motor is concentrated mostly at the wheel-motaat the contact part of the connecting rod in thegeaof
connection area in the range of 60Pa to 200 PéorAke 200Pa to 500Pa.
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Figure 11 Shear stress simulation on whed and frame

Figure 12 shows that the displacement at the engineaches 1.28cm at the two ends of the chassis. Brem
wheel and the chassis increases from the insideTdwat durability tests for the chassis structure, iisrfd that the
maximum value is reached at the end with the digpleent chassis structure is completely strength enougimture
value. As for the chassis, the maximum displaceveoe  working capacity.
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Figure 12 Displacement higher on whed and frame

3 Result and discussion Overall assessment of the model is complete andsrtte=

Figure 13 shows an overview of the proposed mobiiteria for a mobile robot model combining a fdink
robot model. Capable of picking up objects up Ky, Manipulator capable of recognizing objects. Howetrer

the vehicle is capable of moving straight and anagle ~accuracy and operating time can be further impraeed
help the model become more complete.
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